1 As pretreatment with intraperitoneal capsaicin CAP), an agonist of the vanilloid receptor known as VR1 or transient receptor potential channel-vanilloid receptor subtype 1 (TRPV-1), has been shown to block the first phase of lipopolysaccharide (LPS) fever in rats, this phase is thought to depend on the TRPV-1-bearing sensory nerve fibers originating in the abdominal cavity. However, our recent studies suggest that CAP blocks the first phase via a non-neural mechanism. In the present work, we studied whether this mechanism involves the TRPV-1. 2 Adult Long-Evans rats implanted with chronic jugular catheters were used. 3 Pretreatment with CAP (5 mg kg À1 , i.p.) 10 days before administration of LPS (10 mg kg À1 , i.v.) resulted in the loss of the entire first phase and a part of the second phase of LPS fever. 4 Pretreatment with the ultrapotent TRPV-1 agonist resiniferatoxin (RTX; 2, 20, or 200 mg kg À1 , i.p.) 10 days before administration of LPS had no effect on the first and second phases of LPS fever, but it exaggerated the third phase at the highest dose. The latter effect was presumably due to the known ability of high doses of TRPV-1 agonists to cause a loss of warm sensitivity, thus leading to uncontrolled, hyperpyretic responses. , i.p.) did not affect LPS fever, but blocked the immediate hypothermic response to acute administration of CAP. 6 It is concluded that LPS fever is initiated via a non-neural mechanism, which is CAP-sensitive but RTX-and CPZ-insensitive. The action of CAP on this mechanism is likely TRPV-1-independent. It is speculated that this mechanism may be the production of prostaglandin E 2 by macrophages in LPSprocessing organs.
Introduction
There are several contradictions regarding the role of the vagus nerve in fever (for a review see Romanovsky, 2004) . One of them concerns the mediation of the so-called first febrile phase. In the rat, moderate intravenous doses of bacterial lipopolysaccharide (LPS) induce a polyphasic fever consisting of at least three consecutive body temperature rises -three phases (Romanovsky et al., 1998a, b) . Although its magnitude is small (often just a few tenths of a degree), the first febrile phase is highly reproducible (Sze´kely & Szele´nyi, 1979; Romanovsky et al., 1996; 1998a, b; Sze´kely et al., 2000; 2003a; Dogan et al., 2003; Steiner et al., 2004) and reliably detectable by a separate burst of thermoeffector activity (i.e. a decrease in tail skin blood flow) or as a separate loop in a phase-plane plot (either the first time derivative of body temperature or thermoeffector activity plotted against body temperature; see Romanovsky et al., 1998a, b) . The first phase possesses several remarkable features. Owing to its short latency (20-30 min) , it represents the earliest thermoregulatory event occurring in response to LPS and an important end point measure for studying febrigenic signaling. It is also the only febrile phase coupled with hyperalgesia (Romanovsky et al., 1996) and other so-called early sickness symptoms (i.e. those symptoms that alarm the body about the forthcoming inflammation or infection and prepare it for active defense). Finally, it is the only phase of LPS fever that was proposed (Morimoto et al., 1987) and is currently thought (for a review see Romanovsky, 2004) to be triggered by afferent nerve fibers.
Febrigenic signals likely originate in macrophages of the LPS-processing organs, the liver and lung . These cells are crucial for LPS uptake (Mathison & Ulevitch, 1979; Freudenberg et al., 1982) and for generation of the febrile (Sehic et al., 1997) and hyperalgesic (Watkins et al., 1994b) responses to LPS. Within minutes, systemic administration of LPS induces prostaglandin (PG)E 2 -synthesizing enzymes, including cyclo-oxygenase (COX)-2, in the liver and lung . Peripherally originated PGE 2 can then be delivered to the brain by albumin (Romanovsky et al., 1999) , or it can act locally on afferent nerve fibers, possibly the hepatic vagal fibers. Hepatic fibers bear PG receptors of the EP3 type (Ek et al., 1998) , which is one of the two types mediating the first phase of LPS fever (Ushikubi et al., 1998; Oka et al., 2003) . Furthermore, activation of vagal afferents by pyrogenic cytokines is at least partially PG-mediated (Niijima, 1996; Ek et al., 1998) . Although the effect of selective transection of the hepatic vagal branch on the first phase of LPS fever has not been studied, hepatic vagotomy has been shown to prevent both the monophasic febrile response to a very small, near-threshold dose of LPS (Simons et al., 1998) and the hyperalgesic response to a higher dose of LPS (Watkins et al., 1994a) .
Although the circumstantial evidence for an involvement of the hepatic vagus is strong, the direct evidence is lacking, and which sensory nerves mediate the first febrile phase is unclear. We have shown that the first phase of LPS fever in Wistar rats is blocked by pretreatment with small intraperitoneal doses of capsaicin (8-methyl-N-vanillyl-6-nonenamide, CAP; Sze´kely et al., 1997; , which affects the unmyelinated C and thin myelinated Ad afferent fibers running within both the abdominal vagus and the splanchnic nerve (Ja¨nig & Morrison, 1986; Holzer, 1998) . The loss of many functions of sensory fibers in response to this excitotoxin is well documented, and CAP pretreatment is widely used in functional studies (Holzer, 1991) . Whereas CAP pretreatment blocked the first phase of LPS fever in Wistar rats, bilateral subdiaphragmatic truncal vagotomy had no effect on this phase in the same rat strain Sze´kely et al., 2000) , and bilateral splanchnicotomy did not change the first phase of LPS fever in Long-Evans rats (Dogan et al., 2003) . Hence, the robust effect of small intraperitoneal doses of CAP on the first febrile phase observed in Wistar rats has no identified anatomical substrate; whether this effect takes place in other strains is unknown; and the mechanisms of this effect are speculative.
CAP is generally accepted to exert its actions via the vanilloid receptor (VR) of subtype 1 (VR1), a ligand-gated nonselective cation channel expressed predominantly on sensory neurons (Holzer, 1998; Szallasi & Blumberg, 1999) . According to the new nomenclature (Montell et al., 2002) , the VR1 is termed TRPV-1, because it is the first identified member of the family of the so-called transient receptor potential channels-VRs (TRPV). CAP and other TRPV-1 agonists cause a transient excitation of the receptor followed by 'desensitization', whereas antagonists of the TRPV-1 inhibit the receptor function by preventing its excitation (Kwak et al., 1998; Szallasi & Blumberg, 1999) . According to Szallasi (2002) , the term desensitization is traditionally used to describe a lasting refractory state, that is, the state when a TPRV-1-mediated response to a stimulus of interest is decreased. The mechanisms of such a decrease are largely unknown, they include the loss of TPRV-1, neuropeptide depletion in sensory nerve terminals, and at least some ultrastructural changes in nerve fibers (see, for example, Farkas-Szallasi et al., 1996; Avelino & Cruz, 2000) .
The present study was designed to determine (by either desensitizing or blocking the TRPV-1) whether this receptor is involved in triggering LPS fever in Long-Evans rats. In addition to CAP, the ultrapotent TRPV-1 agonist resiniferatoxin (RTX; see Szallasi & Blumberg, 1989; Szolcsa´nyi et al., 1990) and the selective competitive TRPV-1 antagonist capsazepine (N-[2-(4-chlorophenyl)ethyl]-1,3,4,5-tetrahydro-7,8-dihydroxy-2H-2-benzazepine-2-carbothioamide, CPZ; Bevan et al., 1992) were used. Although recent data show that CPZ is a more potent antagonist of the human TRPV-1 than of the rat TRPV-1 (McIntyre et al., 2001) , this drug effectively blocks a variety of TRPV-1-mediated effects in rats, including CAPinduced inhibition of thermogenesis in the brown fat (Osaka et al., 1998) and CAP-induced pain (as evidenced by Fos expression in the brain; Kwak et al., 1998) .
Methods

Animals
Whereas our previous studies of CAP desensitization were conducted in Wistar rats (Sze´kely et al., 1997; , the present study was performed in Long-Evans rats (Charles River, Wilmington, MA, U.S.A.). The first phase of LPS fever, the phenomenon of interest, has a 50-100% higher magnitude in the Long-Evans and Long-Evans-derived strains than in the Wistar strain (Romanovsky et al., 1998b; Ivanov et al., 2003a) . In all, 145 male rats weighing 300-320 g at the time of surgery were used. The animals were housed individually in standard 'shoe box' cages kept in a rack equipped with a Smart Bio-Pack ventilation system (model SB4100) and Thermo-Pak temperature control system (model TP2000; Allentown Caging Equipment, Allentown, NJ, U.S.A.). The temperature of the incoming air was maintained at 281C. Standard rat chow (Teklad Rodent Diet 'W' 8604; Harlan Teklad, Madison, WI, U.S.A.) and tap water were available ad libitum. The room was on a 12 : 12 h lightdark cycle (lights on at 07 : 00). The cage space was enriched with artificial 'rat holes' (cylindrical confiners made of stainless-steel wire). In addition to spending time in the confiners voluntarily, the rats were systematically habituated to them (eight daily training sessions, 4 h each). The same confiners were used later in the fever test. When well-adapted rats are confined, they exhibit no stress fever (Romanovsky et al., 1998a) . Each rat was used in only one experiment. At the end of the study, the rats were euthanized with an overdose of sodium pentobarbital (100 mg kg 
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The TRPV-1 and LPS fever (second measurement). On Day 8, jugular catheterization was performed. On Day 11, the rats were subjected to the fever test: their body temperature response to LPS or saline was studied. This timeline was chosen based on the fact that the effects attributed to CAP desensitization (impaired satiety response to postdeprivational feeding and impaired first phase of LPS fever) in the model used reach their maxima between 1 and 2 weeks after CAP administration and last for at least 1 month after administration (Sze´kely & Romanovsky, 1997; Sze´kely et al., 2000) . The dynamics of CAP and RTX desensitization in other models is remarkably similar (Craft et al., 1995; Xu et al., 1997) .
Exps. 2-4: Effect of RTX pretreatment on LPS fever. The protocols and time schedule of these experiments were the same as of Exp. 1, except that the rats were pretreated with one of three doses of RTX instead of CAP. Different doses of RTX were used to achieve different degrees of afferent nerve desensitization. Whereas the two smallest doses (Exps. 2 and 3) were administered in one injection, the largest dose (Exp. 4) was administered in three increments on 3 consecutive days. In Exp. 4, the day of the last injection of RTX (or vehicle) was considered Day 0.
Exp. 5: Effect of CPZ on LPS fever. The rats were catheterized on Day 0 and subjected to the fever test on Day 3. The effect of CPZ or its vehicle on the body temperature response to LPS or saline was studied. In a separate group, the effectiveness of the dose of CPZ used in the fever tests was verified by its ability to antagonize the immediate hypothermic response to acute administration of CAP. In this group, the rats were catheterized on Day 0 and subjected to the CPZ effectiveness test on Day 3.
Pretreatment with CAP or RTX
Unless stated otherwise, all drugs and reagents were purchased from Sigma-Aldrich (St Louis, MO, U.S.A.). Both CAP and RTX (from Euphorbia poisonii) were dissolved in a 10% ethanol, 10% Tween 80 solution in saline. The total dose of CAP (5 mg kg À1 , Exp. 1) was administered in one intraperitoneal injection. The two smallest doses of RTX (2 and 20 mg kg À1 , Exps. 2 and 3, respectively) were also administered in one injection. The largest dose of RTX (200 mg kg À1 , Exp. 4) was administered in three injections (20, 50, and 130 mg kg À1 , respectively) on 3 consecutive days. The first (Exp. 4) or the only (Exps. 1-3) administration of CAP or RTX was performed under sedation with ketamine-xylazine-acepromazine (5.6, 0.6, and 1.2 mg kg À1 , i.p., respectively). As the first dose of RTX was sufficient to desensitize intra-abdominal nerves (see Results), the subsequent doses of RTX were administered without sedation. Control ('sham-desensitized') rats were injected with the vehicle according to the same protocols.
Wiping response to eye irritation
Both the eye wiping test and the satiety test (see below) were performed according to Kelly et al. (2000) . When the rat was in its home cage, a small (20 ml) amount of a 1% NH 4 OH solution in saline was dropped in its right eye to elicit defensive wiping. The number of wipes during the first 30 s was counted. If desensitization of afferent nerve fibers extended to locations outside the abdominal cavity and resulted in the abolition of the chemosensitivity of the cornea, the test was expected to reveal a suppression of the wiping defense (Szallasi & Blumberg, 1989) .
Satiety test
The test is based on the ability of cholecystokinin (CCK) to cause satiety by acting on sensory vagal fibers (Ritter & Ladenheim, 1985; South, 1992; Schwartz et al., 1999) . Each rat was tested on two separate days, each time after a 24-h food deprivation. The rat was injected with CCK-8 sulfate (Tyr(SO 3 H) 27 -fragment 26-33 amide, 6 mg kg À1 , i.p.) on one day and with saline (1 ml kg À1 , i.p.) on the other day; the order of the injections was randomized. After the injection, the rat was returned to its home cage. An excessive, preweighed amount of regular chow was introduced in the cage 5 min after the injection, and the rat was allowed to eat for 30 min. The remaining food was weighed, and the consumed amount was calculated. For each rat, the difference in food consumption (CCK test minus saline test) was expressed as percentage of the amount consumed in the saline test. A large negative percentage value would mean that CCK was effective in decreasing food consumption, as it was expected to do in vehicle-pretreated (sham-desensitized) rats. A near-zero or positive value would mean that CAP had no satiety effect; such a value could be expected in animals with functionally impaired (desensitized) intra-abdominal vagal afferents.
Jugular catheterization
Under ketamine-xylazine-acepromazine (55.6, 5.5, and 1.1 mg kg À1 , i.p., respectively) anesthesia and antibiotic (enrofloxacin, 12 mg kg À1 , s.c.) protection, each rat was implanted with a jugular catheter. The rat was placed on an operating board, and a 1-cm longitudinal incision was made on the ventral surface of the neck, 1 cm left of the trachea. The left jugular vein was exposed, freed from its surrounding connective tissue, and ligated. A silicone catheter (ID 0.5 mm, OD 0.9 mm) filled with heparinized (50 U ml À1 ) pyrogen-free saline was passed into the superior vena cava through the jugular vein and secured in place with ligatures. The 10-cm free end of the silicone catheter was knotted, tunneled under the skin, and exteriorized at the nape. The surgical wound was sutured. The catheter was flushed with heparinized saline every other day.
Fever test
Each rat was placed in a confiner and equipped with a copperconstantan thermocouple for recording colonic temperature (T c ). The thermocouple was inserted 10 cm beyond the anal sphincter and fixed to the base of the tail with adhesive tape. It was plugged into a data logger (Dianachart, Rockaway, NJ, U.S.A.), which was connected to a computer. The rat was transferred to a climatic chamber (Forma Scientific, Marietta, OH, U.S.A.) set to 30.01C, which is within the thermoneutral zone for male adult Long-Evans rats in this experimental setup . The jugular catheter was extended with a length of PE-50 tubing filled with saline, and the extension was passed through a wall port and connected to a syringe filled with the drug of interest. This setup permitted intravenous drug administration from outside the chamber,
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The TRPV-1 and LPS fever 1025 without disturbing the animal. To induce fever, Escherichia coli 0111:B4 LPS (10 mg kg
À1
) suspended in saline (10 mg ml À1 ) was injected over 1 min; control rats received saline (1 ml kg À1 ) 90 min before the injection of LPS or saline. T c was recorded every 2 min for at least 60 min before and 420 min after the injection.
CPZ effectiveness test
This test was based on the ability of TRPV-1 agonists to cause hypothermia and inhibit thermogenesis in the brown fat when administered peripherally (Jancso´-Ga´bor et al., 1970; Woods et al., 1994; Osaka et al., 1998) and on the ability of CPZ to block this effect (Osaka et al., 1998) . The rats were instrumented as for the fever test. CPZ (40 mg kg 
Data processing and analysis
The absolute value of T c was used to evaluate deep body temperature responses. The T c curves were compared across treatments and time points by two-way ANOVA for repeated measures using Statistica AX'99 (StatSoft, Tulsa, OK, U.S.A.). For the purpose of analysis, the febrile phases were defined based on the following timing: 20-70 min post-LPS for the first phase, 80-160 min for the second phase, and 170-420 min for the third phase. The results of the wiping test (number of eye wipes) and satiety test (relative difference in food consumption; see Satiety test above) were compared by Student's t-test. Student's t-test was also applied to compare the maximal decreases in T c after acute administration of CAP to the CPZpretreated and vehicle-pretreated rats. The maximal decrease in T c was calculated as a difference between the nadir of the hypothermic response and the T c immediately before the injection of CAP. The data are reported as means7s.e.
Results
Exp. 1: Effect of CAP (5 mg kg À1 , i.p.) pretreatment on LPS fever. The T c responses of the vehicle-pretreated and CAPpretreated Long-Evans rats are shown in Figure 1a . In the vehicle-pretreated rats, LPS (10 mg kg À1 , i.v.) caused a triphasic febrile response. The onset of the response (the entire first phase and a part of the second phase) was strongly attenuated in the CAP-pretreated rats (Po2.5 Â 10 À2 ). At 50 min post-LPS, T c in the CAP-pretreated group was only 38.170.11C, whereas in the controls it was 38.970.21C. Saline had no thermal effect in either group. The CCK-induced satiety (a 27721% decrease in food intake) seen in the vehiclepretreated rats was reversed in the CAP-pretreated rats: they exhibited a 52722% increase in food intake in response to CCK (Po1.7 Â 10 À2 , Figure 1b ). This finding indicates that the afferent fibers involved in food intake (presumably vagal fibers of intra-abdominal origin) were clearly affected by CAP pretreatment. However, CAP desensitization was not generalized as evident by the unaffected chemosensitivity of the cornea (Figure 1c ).
Exp. 2: Effect of RTX (2 mg kg
À1
, i.p.) pretreatment on LPS fever. Pretreatment with this low dose of RTX did not affect the thermal response to LPS or saline (Figure 2a ). This pretreatment did not cause desensitization of nerve fibers either inside the abdominal cavity (no effect on the CCK-induced satiety; Figure 2b ) or in extra-abdominal locations (no effect on the eye-wiping response to irritation; Figure 2c ).
Exp. 3: Effect of RTX (20 mg kg
À1
, i.p.) pretreatment on LPS fever. Pretreatment with this moderate dose of RTX did not affect the thermal response to saline but tended to change LPS fever (Figure 3a) . The first phase was not attenuated, but the second and third febrile phases tended to be higher than in the vehicle-pretreated rats. Pretreatment with RTX affected the intra-abdominal nerve afferents. Indeed, CCK (as compared to saline) decreased the food intake by 47714% in the vehicle-pretreated rats, but only by 675% in the RTXpretreated rats (Po1.8 Â 10 À2 , Figure 3b ). The same pretreatment failed to affect the chemosensitivity of the cornea (Figure 3c ).
Exp. 4: Effect of RTX (200 mg kg À1 , i.p.) pretreatment on LPS fever. Pretreatment with this high dose of RTX affected neither the T c response to saline nor the first phase of LPS fever (Figure 4a) . However, the second phase of fever showed a tendency to be increased in the RTX-pretreated 
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The TRPV-1 and LPS fever rats, whereas the third phase was significantly (Po1.7 Â 10 À2 ) exaggerated. At 280 min post-LPS, T c in the RTX-treated rats was 40.170.21C, whereas it was only 39.470.21C in the vehicle-pretreated rats. Pretreatment with this high dose of RTX affected sensory nerve fibers originated both inside and outside the abdominal cavity. In response to CCK, food intake was decreased by 6477% in the vehicle-pretreated rats but increased by 13715% in the RTX-pretreated rats (Po2.4 Â 10
À3
, Figure 4b ). The wiping response to eye irritation was decreased in the RTX-pretreated rats as compared to the vehicle-pretreated controls (471 vs 871 wipes, Po2.0 Â 10 À2 , Figure 4c ).
Exp. 5: Effects of CPZ (40 mg kg
À1
, i.p.) on LPS fever. In agreement with how ethanol-containing vehicles affect LPS fever (Ivanov et al., 2003b) , the entire febrile response of the vehicle-pretreated rats was slightly suppressed, but it still had a distinct first phase (Figure 5a ). Pretreatment with CPZ affected neither the febrile response to LPS nor the T c response to saline. If anything, the first febrile phase tended to be increased in the CPZ-pretreated rats. However, the same dose of CPZ was effective in blocking the hypothermic response to acute administration of CAP (1 mg kg À1 , i.p.): the maximal decrease of T c in response to CAP was 1.170.11C in the vehicle pretreated rats but only 0.370.11C in the CPZ-pretreated rats (Po2.6 Â 10 À3 , Figure 5b ).
Discussion
Effect of CAP on LPS fever: a reproducible phenomenon
The present study shows that pretreatment of Long-Evans rats with a small intraperitoneal dose of CAP results in a blockade of the first phase of LPS fever. Other effects of the same pretreatment suggest that it affects sensory nerve fibers locally (i.e. fibers in the abdominal cavity involved in the satiety response) but does not impair sensory nerves outside the abdominal cavity (i.e. chemosensitive fibers involved in the response to irritation of the cornea). These results closely reproduce our earlier observations in Wistar rats. Indeed, pretreatment of Wistar rats with low doses of CAP (5-25 mg kg À1 , i.p.) blocks the first phase of LPS fever (Sze´kely et al., 1997; and affects the satiety response (Sze´kely et al., 1997; but does not cause generalized desensitization (Sze´kely & ) that follows administration of high doses (50-400 mg kg À1 , s.c.) to newborn (Gourine et al., 2001) or adult (Szolcsa´nyi, 1982) animals. High doses of CAP cause thermoregulatory impairments compatible with a loss of warm sensors, for example, an exaggeration of the entire course of LPS fever (Sze´kely & Szolcsa´nyi, 1979; Szolcsa´nyi, 1982) or a pronounced increase in the threshold T c for tail skin vasodilation (Sze´kely & Romanovsky, 1997) . 
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Blockade of the first febrile phase by CAP: a non-neural effect
Mechanisms of the blockade of the first phase of LPS fever by low doses of CAP are unknown. This febrile phase has been repeatedly found to be completely insensitive to bilateral subdiaphragmatic truncal vagotomy Sze´kely et al., 2000) or local desensitization of vagal fibers by direct application of CAP on vagal trunks (M. Sze´kely, & E. Pe´terva´ri, unpublished observation). The first phase has also been found to be insensitive to bilateral transection of the major splanchnic nerve (Dogan et al., 2003) . Furthermore, LPS-induced hyperalgesia, which occurs at the first febrile phase (Romanovsky et al., 1996) , is also insensitive to splanchnic denervation of the abdominal viscera by combined celiac and superior mesenteric ganglionectomy (Watkins et al., 1994a) . Cumulatively, these data suggest that neither the vagus nor the splanchnic nerve is responsible for the blockade of the first phase of LPS fever by low doses of CAP. As the same doses of CAP that result in the loss of the first phase do not cause desensitization of nerve fibers outside the abdominal cavity, an involvement of extra-abdominal neural targets is also unlikely. Hence, it is plausible that CAP affects the first phase of LPS fever by acting on non-neural targets.
That CAP can affect a variety of non-neural cells, including immune cells, is well known. This TRPV-1 agonist binds to mast cells and causes release of proinflammatory cytokines (Bı´ro´et al., 1998) . It has also been shown to inhibit cytokineinduced activation of NF-kB transcription factor (by blocking the degradation of its inhibitory protein IkB-a) in myeloid cells (Singh et al., 1996) , to enhance the release of substance P from lymphocytes (Lai et al., 1998) , and to stimulate the migration of polymorphonuclear leukocytes (Partsch & Matucci-Cerinic, 1993) . Even more relevant to pathogenesis of fever is that CAP has profound effects on macrophages. Being responsible for LPS uptake and for hepatic and pulmonary production of the ultimate mediator of fever, PGE 2 , macrophages are thought to mediate the first phase of LPS fever (see Introduction). It has been shown that CAP impairs mitochondrial functions in macrophages (Garle et al., 2000) and modulates the production of inflammatory mediators (Ho et al., 1997) , including PGs (Joe & Lokesh, 1994; Joe et al., 1997) , by these cells. Recently, Kim et al. (2003) have demonstrated that CAP inhibits LPS-induced production of PGE 2 by peritoneal macrophages. The mechanisms of the latter effect include inhibition of LPS-induced activation of NF-kB by blocking the degradation of IkB-a and direct inhibition of the enzymatic activity of COX-2 (Kim et al., 2003) . It is also important that at least some non-neural effects of CAP, such as a nephrotoxic action (Creppy et al., 2000) , impairment of mitochondria in monocytes (Garle et al., 2000) , and decrease in the number of mast cells in the jejunal mucosa (Gottwald et al., 1997) , are likely to have long-lasting functional consequences. 
Blockade of the first febrile phase by CAP: a non-TRPV-1-mediated effect
The failure to identify a neural substrate of CAP effect of the first phase of fever caused us to think about 'nonspecific' (non-TRPV-1-mediated) effects. Indeed, there is plenty of pharmacological evidence for heterogeneity of VRs, including the existence of a CPZ-insensitive VR (Liu et al., 1998) . After the identification of TRPV-1 (Caterina et al., 1997) , several related family members were cloned (Harteneck et al., 2000; Gunthorpe et al., 2002) . The second family member isolated, which was termed VR-like protein-1 (VRL-1) and is now known as TRPV-2, is expressed on a variety of non-neural cells throughout the body (Caterina et al., 1999) . Human and mouse TRPV-2 orthologs (the latter termed growth-factorregulated channel) have been isolated from myeloid cells (Kanzaki et al., 1999) . At least two different splice variants of the TRPV-1 have also been identified in non-neural tissues (Suzuki et al., 1999; Schumacher et al., 2000) . Importantly, macrophages express VRs that are different from the TRPV-1. Murine peritoneal macrophages profoundly express the TRPV-2 but do not express the TRPV-1 (Kim et al., 2003) . Although rat peripheral blood mononuclear cells express the TRPV-1, they also express its 5 0 -splice variant with a drastically different pharmacological profile (Schumacher et al., 2000) . In macrophages, CAP causes mitochondrial damage via a non-TRPV-1 mechanism (Garle et al., 2000) . The ability of CAP to block PGE 2 synthesis in macrophages has also been shown to be CPZ-insensitive and TRPV-1-independent (Kim et al., 2003) .
As RTX is generally a much more (in some cases, 10,000-fold) potent agonist of the TRPV-1 than CAP (Szallasi & Blumberg, 1989; Szolcsa´nyi et al., 1990) , the spectrum of its effects is likely to be shifted towards more TRPV-1-mediated and less non-TRPV-1-mediated effects. In the present study, pretreatment with RTX at any dose tested was ineffective in attenuating the first phase of LPS fever, although different doses of RTX exerted several different (and fully expected) effects. For example, the use of the highest dose resulted in an abolition of the chemosensitivity of the cornea and in an exaggeration of the third febrile phase; both of these effects are symptoms of generalized desensitization of afferent nerves (Sze´kely & Szolcsa´nyi, 1979; Szolcsa´nyi, 1982; Szallasi & Blumberg, 1989) . In addition to being RTX-insensitive, the first phase of LPS fever was also found to be CPZ-insensitive, even though pretreatment with the same dose of CPZ effectively eliminated the immediate hypothermic response to acute administration of CAP. These data suggest that CAPinduced blockade of the first phase of LPS fever likely occurs via a TRPV-1-independent mechanism.
A more definite conclusion would require obtaining additional evidence of noninvolvement of the TRPV-1 in the first febrile phase. Unfortunately, such evidence cannot be produced with the best tools currently available: the TRPV-1 null mutant (knockout) mouse (Caterina et al., 2000) and the high-affinity, selective TRPV-1 antagonist 5 0 -iodo-RTX (I-RTX; see Wahl et al., 2001; Undem & Kollarik, 2002; Rigoni et al., 2003) . Indeed, noninvolvement of the TRPV-1 cannot be confirmed in an experiment in the receptor knockout mouse, because negative results obtained in knockouts are inconclusive. They can mean either that the receptor of interest plays no role in the response studied or that the receptor normally plays a role in the response, but that this role is assumed by other players (compensatory mechanisms) when the receptor is genetically deleted. Furthermore, data obtained in the knockout mouse may not tell much about the role of the TRPV-1 in the rat, the species used in the present study, because the bodily distribution of the TRPV-1 differs substantially between the two species (Woodbury et al., 2004) .
As for I-RTX, there is a single study reporting its ability to antagonize TRPV-1-mediated effects upon systemic administration in vivo; the doses found effective in this study were 300 ng kg À1 and 1.0 mmol kg
À1
, i.v. (Rigoni et al., 2003) . We have tested similar doses of I-RTX (100 ng kg À1 -1.0 mmol kg À1 , i.p.) and found that they cause marked hypothermia (up to 31C) at a neutral ambient temperature and even larger hypothermia (B51C) at a subneutral temperature (S. Patel, A.A. Steiner & A.A. Romanovsky, unpublished observations) . As the magnitude of this hypothermia is several fold larger than the magnitude of the first febrile phase, these doses cannot be used to study LPS fever. At a lower dose of 20 nmol kg À1 , -I-RTX was thermally ineffective, but it was also ineffective in blocking CAP-induced, TRPV-1-mediated hypothermia.
The hypothermic action is not the only undesired in vivo effect of I-RTX. Symanowicz et al. (2004) have recently reported that intranasal I-RTX produces what they call dramatic changes in basal breathing pattern. The fact that both noniodinated RTX and RTX iodinated in position 2 (instead of 5) are agonists of the TRPV-1 (McDonnell et al., 2002) makes it plausible to think about an intrinsic TRPV-1 agonistic activity of I-RTX. However, several experiments aimed at finding a TRPV-1 agonistic activity of I-RTX in vitro have failed (Wahl et al., 2001) . Substantial contamination of I-RTX preparation with TRPV-1 agonists is also unlikely. Indeed, most preparations of I-RTX (Wahl et al., 2001; Seabrook et al., 2002) , including Sigma's preparation we tested, are 97-99% pure. It is more likely that I-RTX activates a different, presently unidentified receptor. In support of such a proposition, Seabrook et al. (2002) have found that intraplantar I-RTX causes aversive behavior both in wild-type and TRPV-1 knockout mice. The authors have also found that intraplantar I-RTX is ineffective in blocking the TRPV-1 in their in vivo model, even when it is administered at a dose shown to block TRPV-1-mediated responses upon intrathecal administration (Wahl et al., 2001) . Seabrook et al. (2002) concluded that I-RTX has limited utility for behavioral studies, and that antagonists with better pharmaceutical properties have to be developed to fully explore functional relevance of the TRPV-1 in vivo. According to our experience, I-RTX is unsuitable for studying thermoregulatory responses in vivo, at least in the rat.
Conclusions
By summarizing our present and past results, we conclude that LPS fever is initiated via a non-neural mechanism, which is CAP-sensitive, but RTX-and CPZ-insensitive. The action of CAP on this mechanism is likely TRPV-1-independent. It is speculated that this mechanism may involve the production of PGE 2 by macrophages in LPS-processing organs such as the liver and lung, and that pretreatment with CAP may suppress the release of PGE 2 by these cells in response to LPS. That peripherally originated PGE 2 is crucial only for the first phase
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The TRPV-1 and LPS fever 1029 of LPS fever, whereas the subsequent phases are mediated by both peripheral and central PGE 2 agrees well with the fact that CAP affects mainly the first phase. The possibility of using CAP for targeted inhibition of PGE 2 production in peripheral tissues should be evaluated.
